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Developing the Hybrid Cryogenic Detectors of the Future

A Advances in HEP, DM
detection, quantum imaging
demand better detectors:

A Extreme spatial/temporal
resolution

A Extreme environments
(cryo, rad-hard)

A Extremely low noise (<1 e-

A Multi-year DOE collaboration
to co-design:

A New sensors
A New readout electronics
A New packaging/integration
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Integrated
sensing
and edge
computing

Low-power, low-noise
front-end

High speed time tagging
| Large channel/pixel
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= | Low latency control of
S8 superconducting

: electronics and detector
Edge computing and feature extraction
Data buffering and high-speed links

Hybrid bonding ===
Monolithic integration
Superconducting interconnect technology

(Indium BB + superconducting multi-chip interposer)
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Skipper CCD -in-CMOS Vddﬁ‘;iir{sm

signal
A Incident particles create e-h pairs in Floating gate (FG) T ‘ _____ 5_0\/
the CCD substrate. s oo pede:ta
one skipper
sample
A Charge packets create a small voltage K
that can be sensed by a CMOS _ charge packbt (Q)
. buried channel (BCH)
amplifier.
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Reading Out a CCD Image Sensor

Monolithic, Column -Parallel
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Stefanov, et al. [2]
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Hybrid, Per -Pixel

3x3 Pixel cluster

Skipper ASIC:

*  Pixel matrix
with skipper
functionality

Readout ASIC: P

o

ADCs

Real-time data — Mi Cro-bump
processing .
Fast I/Os L connection

Per-Pixel readout offers 0 € speedup, but at a cost:

Severely constrained power and layout area  for the
front-end and ADC circuits.
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How to Detect a Single Electron
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A Source Follower output: 115V
A PreAmp output: 1.15 mV

Equivalent output noise: 550V, or
0.48 e
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Impulse response of a CDS circuit.
H.M. Wey and W. Guggenbuhl [3]
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How to Detect a Single Electron (and Digitize it)
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How to Detect a Single Electron (and Read it Out)

[ 32
Analog 10b ADC
Frontend with per pixel Sy.nchronous
in-pixel ADC | RCIEIEINETETS Binary tree
T L. readout with VDS Clk .
x32 Skl High speed receiver ( 1GHz)
: : output bus o
: B serializer
Analog 10b ADC || gy pg : (1Gbps) LVDS driver
Frontend with per pixel Sequential —
dout of ( 1GHz)
in-pixel ADC digital logic readout o
% 1024 pixels
@10b/pixel 100 kfps full frame
Shared ADC readout rate
digital logic
[EXA-DE0

10b * 100 kHz * MPix= 1Tbpd
Data compression is important:
A Zerosuppression

A PCA

A ML-based Autoencoder
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